Abstract-This correspondence presents the results of the enumeration of Costas arrays of order 27: all arrays found, except for one, are accounted for by the Golomb and Welch construction methods.
. Plot of the corrected WWB (24), the incorrect version (6) , and the actual MSE, for a scalar estimation setting with a disjoint set 2.
This problem is illustrated in Fig. 1 , where the incorrect bound (6) is compared with the original WWB (4), which can be written as 
The actual MSE obtained by the optimal estimator can be calculated using Monte Carlo simulations, and is also plotted. In the figure, values of a = 1=2 and b = 2 were used. The variance 2 was modified to obtain various signal-to-noise ratios (SNRs), where SNR = Var()= 2 . It is evident from Fig. 1 that the value (6) becomes exceedingly high at low SNR. Indeed, for SNR values below approximately 0 dB, there always exist values of s and h such that the denominator of (6) is arbitrarily small, and thus the bound tends to infinity. For SNR values around 2-4 dB, (6) yields finite values which are larger than the actual MSE obtained by the optimal estimator. The original version (24), by contrast, closely follows the true MSE value.
I. INTRODUCTION
In this brief note we present the results of the enumeration of Costas arrays of order 27. This result comes approximately 2.5 years after the last major enumeration project of Costas arrays undertaken, namely that for order 26, completed independently and by two different groups led by J. K. Beard [1] and S. Rickard [2] 
Permutations correspond to permutation arrays by setting the elements of the permutation to denote the positions of the (unique) 1 in the corresponding column of the array, counting from top to bottom: f (i) = j , aj;i = 1. For example, the array shown in Fig. 1 corresponds to the permutation 526 134. It is customary to represent the 1's of a permutation array as "dots" and the 0's as "blanks". The terms "array" and "permutation" will henceforth be used interchangeably.
The Costas property is invariant under rotations of the array by 90 , horizontal and vertical flips, and flips around the diagonals, hence a Costas array gives birth to an equivalence class that contains either 8 Costas arrays, or 4 if the array happens to be symmetric; in the latter case, we say the equivalence class is symmetric. When presenting the results of the enumeration, we will give the lexicographically minimal representative from each equivalence class for brevity. There exist two algebraic methods for the construction of Costas arrays, known as the Golomb and Welch methods [5] - [8] . 1] where f (i) = g i01+c modp is a bijection with the Costas property. Note that W1 arrays for p > 5 are never symmetric [9] . W2 (p; g) ): Let p be a prime, and let g be a primitive root of the finite field (p) of p elements; then, If m = 1, G2 arrays are symmetric iff a = b [9] ; this special case is known as the Lempel construction [5] . Costas arrays not constructed by either of these two methods are commonly referred to as "sporadic."
Theorem 2 (Welch Construction

III. RESULTS AND ANALYSIS
The enumeration found in total 204 Costas arrays, divided into 29 equivalence classes: their lexicographically minimal members are shown in Table I . Out of those, we have the following.
• One is a T4(31; 1) and is symmetric.
• 6 are W 2 (29; g) for the various primitive roots of (29). There are (28) = 12 such primitive roots, and they produce 12 W 1 (29; g; 0) arrays, which correspond to equivalence classes in pairs related by a vertical flip, or, equivalently, generated by inverse primitive roots [9] , hence there are 6 such equivalence classes. 5 and is not symmetric. Out of the above, four are Costas arrays of order 26 extended by the addition of a corner dot (three G 2 , one of which symmetric, and one W2). Note that, in agreement with Section I, all symmetric Costas arrays are Lempel-constructed, with the exception of the T 4 array, which is produced by removing two corner dots from a Lempel-generated Costas array.
Efficiency improvement of the search methodology led to the consideration of forbidden positions for the dots of Costas arrays for different orders (an idea introduced in [11] ). Fig. 2 shows the forbidden positions for Costas arrays of order 27: if a dot of a permutation array of order 27 corresponds to a black square, this array cannot be Costas. This figure is obtained by superposing all Costas arrays of order 27 and observing which elements host no dot. The corresponding results for orders 25 and 26 (first shown in [11] ) are also offered for comparison purposes; for orders n = 1; 2 and
IV. CONCLUSION
The full enumeration of Costas arrays of order 27 was presented: 204 arrays were found in total, falling into 29 equivalence classes. One is a symmetric T4; 6 are W2 , and the remaining 21 are G2 , out of which 6 are symmetric, and one is sporadic.
